The azimuthal variations in P-P amplitude, velocity, and interval moveout show elliptical variations in azimuthally anisotropic media. This can be used to determine the fracture strike of the medium and has been veri ed from real data. However, the Pwave e ects only occur at su ciently large o sets with multi-azimuths, and are often complicated by other factors. This limits the application of P-wave analysis to some extent. Analysis of P-S waves may t h us prove to be bene cial. For near vertical propagating P-S waves, the polarization and time delay of the shear-wave provide a direct measurement of the fracture orientation and intensity. The fracture strike p olarization azimuth is diagnosed by a polarity c hange and amplitude dimming in the azimuthal gathers of the transverse-geophone component. Based on this, a robust method is presented for recovering the fracture strike using a 3D cross geometry where the source boat sails across the receiver cable.
Introduction
Recently, the use of P-waves has attracted considerable interest because of their relatively low cost in acquisition. These uses include azimuthal P-wave A VO Lynn et al. 1996 and Mallick et al. 1996 , and azimuthal variations in P-wave NMO velocity Sena 1991 and Tsvankin 1995 , and interval moveout Li 1997 . With the advent o f m ulticomponent sea-oor seismic technology, the study of mode converted shearwaves has become increasingly common in the industry. The mode-converted P-to-S wave retains the bene t of both P-and S-wave surveys Li et al. 1996 and o ers the potential for more cost-e ective reservoir characterization and monitoring. Here, assuming fracture-induced transverse anisotropy with a horizontal symmetric axis TIH, which i s t h e simplest form of azimuthal anisotropy, I review and compare the P-P and P-S processing methods for determining the fracture strike and intensity from multicomponent sea-oor data. For P-wave processing, I
will discuss azimuthal variations in amplitude, NMO velocity and interval moveout based on analytical approximate expressions for weak anisotropy. For P-S wave processing, I will present new techniques for anisotropy analysis for a 3D crossline geometry where the source boat sails across the receiver cable Figure  1 . The technique and concept presented here can also be used for marine crossed 2D 3D surveys of di erent vintages, and for walkaway and 3D VSPs. Figure 1 . A plan view of a 3D cross geometry. x; y i s the acquisition coordinate system; r; t is the local system associated with source-receiver azimuth '; is the fracture strike measured from the boat direction x.
Azimuthal P-wave analysis P-wave amplitude and velocity. For a xed o set with incidence angle larger than 15 , the re ection amplitude as a function of source-receiver azimuth ' has the following form: where t1 and t2 are the interval travel times of S1 S2, respectively, for the fractured layer, and is the Thomsen parameter which is directly related to the fracture intensity. Thus P-S wave polarization analysis provides an e ective w ay to determine the fracture strike and density. For a conventional 2D acquisition, standard two-component rotation analysis for land shear-waves may be used to recover the polarization azimuth Donati and Brown 1995. For the cross geometry in Figures 1&3 , a two-stage procedure can be used for anisotropy analysis. The rst stage is to use the azimuthal gathers from crossline-shooting to estimate the polarization azimuth, and the second stage is to use the inlineshooting gathers to estimate the time delay of the split shear-waves. Full-wave modelling by the re ectivity method Taylor 1990 for the model in Figure 3 and Table 1 where t0 is time after P-S conversion, = , ' is the angle between the fracture strike and the sourcereceiver azimuth, R is a 2D rotation matrix, 1 and 2 are propagating functions for the fast and slow wave, respectively, and P S t is the e ective shearwave source due to conversion. It follows that, Vtt0; = 0 for = 0 ; or =2 Vtt0; , = ,Vtt0; :
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This implies that when the source-receiver azimuth is parallel, or perpendicular to the fracture strike, the energy in the transverse component v anishes, and that the wave forms show a polarity c hange. Thus, an e ective scheme can be used to determine the polarization azimuth based on these two criteria: polarity reversal and minimum amplitude, 
Conclusions
For P-P wave analysis, the azimuthal variations in P-P amplitude, velocity, and interval moveout show elliptical variations in azimuthally anisotropic media. This can be used to determine the fracture strike o f the medium. The use of azimuthal interval moveout has some distinct features. The method, based on a four-line con guration, utilises cross-plot analysis, and reveals good potential for e ective compensation for the overburden anisotropy through the alignment of the top target re ections.
For P-S wave analysis, the S1 polarization azimuth is parallel to the fracture strike, and the time delay between S1 and S2 is proportional to the fracture intensity for near-vertical propagations. A polarity reversal and amplitude dimming will occur in the azimuthal gathers of the transverse components. This feature provides robust and accurate estimates of the fracture strike using a 3D cross geometry where the source boat sails across the receiver cable. The time delay can be estimated from the inline shooting gather after separating the fast and slow w aves. Figure 3 and Table 1 for source o set x S =1km, y G1 =-2km and y GN =1km with 50m spacing. The triangular arrows mark the critical azimuth with a polarity reversal and amplitude minimum. Label PS2 stands for the P-S conversion from interface 2, and PS3 for the conversion from interface 3, etc.
